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SUMMARY 


The  atm  of  this  project  Is  to  Investigate  the  dependence  of  the  cross 
sections  for  dissociative  electron  attachment  to  a  molecule  on  the  Initial 
rovlbratlonal  state  of  the  molecule.  An  enhancement  of  the  cross  section 
results  In  the  enhancement  of  the  rate  of  production  of  negative  Ion  beams. 
Preliminary  Investigations  reveal  that  for  lithium  dimers,  H2,  the  peak 
attachment  cross  sections  can  Increase  by  almost  an  order  of  magnitude  If  the 
molecule  Is  Initially  vlbratlonally  excited  to  the  v  =  1  level.  Excitation  to 
higher  vibrational  levels  would  result  In  further  enhancement  of  the  attachment 
rates.  As  part  of  present  Investigations,  the  cross  sections  for  vibrational 
excitation  of  various  molecules,  using  both  resonant  and  nonresonant 
mechanisms,  are  also  calculated.  In  case  of  nonresonant  mechanism,  It  Is 
learnt  that,  for  Llg,  vibrational  levels  up  to  v  s  9  could  be  efficiently 
excited  by  first  exciting  the  singlet  A  electronic  state  of  the  molecule  and 
then  allowing  It  to  decay  radlatively  Into  various  vibrational  levels  of  the 
ground  electronic  state.  For  resonant  mechanism,  general  models  for 
vibrational  excitation  are  developed  In  which  the  potential  curves  of  the 
Initial  molecular  state  as  well  as  the  resonant  anion  state  are  approximated  by 
simple  harmonic  oscillators.  Closed  form  expressions  along  with  convenient 
recursion  relations  for  vibrational  excitation  amplitudes  would  allow  rapid 
evaluation  of  cross  sections  for  any  Inelastic  or  superelastic  vibrational 
transition  for  various  molecules. 
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The  main  objective  of  this  research  work  (Grant  Number  AFOSR  84-0143)  Is 
to  Investigate  the  effect  of  temperature  on  the  rate  of  production  of  negative 
Ion  beams  via  the  process  of  dissociative  electron  attachment  to  diatomic 
molecules.  Dissociative  attachment  to  a  molecule  AB  proceeds  through  the 
formation  of  an  Intermediate  resonant  state, 
e  +  AB  AB"  ■+■  A  +  B”  . 

The  resonant  state  Is  also  capable  of  autodetachment  leaving  behind  a 
rovlbratlonally  excited  molecule, 

AB"  -*■  AB(v,J)  +  e. 

Raising  of  temperature  essentially  amounts  to  exciting  the  molecule  to  a  higher 
rovlbratlonal  level.  For  certain  diatomic  molecules,  notably  H2,  It  is 
observed  that  the  rate  of  electron  attachment  Is  significantly  enhanced  If  the 
molecule  Is  Initially  rovlbratlonally  excited.  In  the  present  Investigations, 
the  role  played  by  the  Initial  rovlbratlonal  excitation  In  enhancing  the  rate 
of  electron  attachment  to  other  molecules  like  LI 2,  CO,  HCfc,  O2  etc.  Is  being 
understood.  Also,  as  part  of  the  Investigations,  the  cross  sections  and  rates 
for  vibrational  excitation  of  these  molecules  by  both  resonant  and  nonresonant 
processes  are  determined. 

The  following  specific  advances  have  been  made  during  the  first  year  of 
Investigations: 

a)  The  first  molecule  under  Investigation  Is  the  lithium  dimer,  U2.  The 
electronic  structure  including  the  potential  curves  of  both  LI 2  and  Li 2  has 
been  determined  only  recently.  The  similarity  between  Li2  and  H2  (both  are 
Isoelectronic  in  the  valence  shell)  and  their  corresponding  anions  suggests 
that  theoretical  approaches  used  successfully  In  the  past  for  Investigating  the 
rates  and  cross  sections  for  dissociative  electron  attachment  and  vibrational 
excitation  of  H2  could  be  adapted  for  similar  Investigations  of  LI2 *  In 
particular,  local  width  resonant  scattering  theory  Is  used  for  obtaining  the 


cross  sections  for  dissociative  attachment  to  LI 2,  e  +  H2  -*■  LI  +  LI",  as  a 
function  of  the  Incident  electron  energy.  Figure  1  shows  the  results  of  such  a 
calculation.  The  structure  seen  In  this  figure  Is  possibly  an  artifact  of  the 
limited  range  of  Internuclear  separations  over  which  the  resonant  nuclear  wave 
function  Is  extended.  The  factors  by  which  the  attachment  cross  sections  for 
LI2  are  enhanced,  on  rovlbratlonally  exciting  the  molecule  Initially,  are 
summarized  and  compared  with  H2  In  the  table  below. 


Initial  vibrational  level,  v, 
the  molecule  Is  In. 

Factor  by  which  the  peak 
section  Is  enhanced  over 

attachment  cross 
that  for  v  *  0. 

L12 

H2  (Theory) 

H2  (Experiment) 

1 

7.4 

32.5 

30  +  10 

2 

16.4 

465 

500  ±  175 

The  local  width  for  the  resonant  state  LI2  used  in  the  present 
calculations  Is  obtained  by  using  the  Fermi  golden  rule.  The  attachment  cross 
sections  are  obtained  only  for  low  excitations  of  the  molecule.  For  high 
excitations  of  the  molecule  It  would  be  essential  to  use  the  nonlocal  aspects 
of  the  resonant  scattering  theory.  A  complete  determination  of  the  matrix 
element,  coupling  the  discrete  resonant  state  with  the  continuum  states,  as  a 
function  of  both  the  internuclear  separation  R  and  the  Incident  electron  energy 
E  would  suffice  to  carry  out  In  the  near  future  a  detailed  accurate  nonlocal 
width  calculation  of  attachment  rates.  Some  preliminary  results  of 
calculations  of  cross  sections  for  electron  attachment  to  Li 2  were  presented  at 
the  Fourteenth  International  Conference  on  the  Physics  of  Electronic  and  Atomic 
Collisions  in  Palo  Alto,  California.  It  is  anticipated  that  these  results 
along  with  the  results  of  a  nonlocal  width  calculation  for  the  cross  sections 
and  rates  of  attachment  to  Li 2  will  be  sent  for  publication  in  a  refereed 
journal . 


b)  In  order  to  understand  the  behavior  of  cross  sections  for  excitation 


to  various  vibrational  levels  of  LI2  It  Is  Important  to  consider  both  the 
resonant  and  the  nonresonant  processes.  The  resonant  vibrational  excitation 
cross  sections,  of  course,  follow  as  a  byproduct  of  the  calculations  of 
dissociative  attachment  since  autodetachment  of  the  resonant  anion  state 
competes  with  the  dissociation  process.  As  a  possible  nonresonant  mechanism  of 
vibrational ly  exciting  the  molecule,  one  could  consider  the  following  two  step 
process.  As  first  step,  molecule  LI2  Is  excited  from  Its  ground  X^g  state  to 
a  higher  singlet  state  either  by  electron  impact  or  by  photon  pumping. 
Schematically, 

e  +  L12  (X  ^g,  v^  -  L12  (A  IeJ,  B  liru)  +  e 
or  L12  (X  lZg,  v-j )  +  hv  -*•  L12  (A  lzu,  B 

In  the  second  step,  the  excited  molecule  undergoes  a  rapid  radiative  decay  to 
an  excited  vibrational  level  of  the  ground  electronic  state: 

L12  (A  IzJ,  B  1ttu)  -  112  (X  hq,  Vf)  +  h\>  . 

Calculations  of  relative  cross  sections  for  excitation  of  higher  vibrational 
levels  of  the  ground  electronic  state  of  Li 2  by  this  nonresonant  process 
Indicate  that  In  general  the  excitation  occuring  via  the  formation  of  A  !£u 
electronic  state  Is  more  efficient  than  via  the  formation  of  B  Wu  state.  All 
the  vibrational  levels  up  to  Vf  ~  9  are  efficiently  excited  for  both  electron 
colllslonal  excitation  as  well  as  the  photon  pumping  of  the  A  state.  Details 
of  the  calculations  have  been  published  In  the  refereed  journal.  Chemical 
Physics  Letters. 

c)  The  process  of  resonant  vibrational  excitation  of  a  molecule  AB  In¬ 
volves  the  formation  of  an  autodetaching  intermediate  resonant  anion  state  AB": 

e  +  AB  (vn)  -*  AB"  ■*  AB  (vm)  +  e. 

In  order  to  obtain  the  cross  sections  for  vibrational  excitation  using  this 
mechanism,  one  needs  to  know  the  potential  curves  of  AB  and  AB"  and  the 
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resonance  width  r of  AB".  Under  present  Investigation  is  a  simple  model  in 
which  the  potential  curves  of  AB  and  AB"  are  replaced  by  those  of  simple 
harmonic  oscillators  with  frequencies  o>  and  or,  respectively.  The  two 
oscillators  are  displaced  from  one  another  by  Internuclear  separation  R0.  The 
reduced  mass  of  the  nuclei  Is  u.  The  energy  dependent  width  T  Is  assumed  to  be 

Independent  of  the  Internuclear  separation  R.  For  convenience  define 

2 

A  *  (w  -  a r)/(w  +  a)"),  uj0  =  2h/yR0. 

Then  under  the  Impact  of  an  electron  of  mass  M  and  energy  E  =  (1ikj)2/2M,  the 
molecule  makes  a  transition  from  level  with  vibrational  quantum  number  n  to  a 
level  with  vibrational  quantum  number  m.  Energy  of  the  outgoing  electron  Is 
obtained  from  the  conservation  of  energy: 

(1likf)2/2M  =  enki )2/2M  +  iMn  +  *  )  -  fl^m  +  *  ). 

The  amplitude  for  vibrational  excitation  under  these  circumstances  can  be 
written  In  a  closed  form  expression. 


A(n  m;  z)  =  - 


2ir 


hw 


n-fm  I  y 


U-A2) 


UXi) 


CO 


min(n,m) 

I 

j=o 


dt 


t-(z+l)+j  (1~t  } 


n+m 

2 


n+m+i 

(1-A2t2) 


where  Is  a  Hermlte  polynomial  of  order  k  with  argument 


f(t)  =  [ 


(1-A2)uf 

2A<,0 


(t-1) 

n-At). 

(t+1) 

(l+At) 
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z  is  a  complex  quantity  containing  the  incident  electron  energy  E: 
z  =  (E  +  ii  -  i  +  (n  +  iJw/uT. 

Of  special  Interest  Is  the  case  w  *  w  which  corresponds  to  simple  harmonic 
oscillators  of  equal  frequencies.  In  this  case  A  -*■  0  and  the  transition 
amplitude  becomes 


A(n  -*■  m;  z)  =  (-1) 


T(",m)  j!  f  dt  fz'1+Jn-t)n+"'2jexp(^-) 

i=n  J  J  W  J  U) 


n+nH-1  .  2j_  I —  (SL-)  2  _L_  exp(-  ^-) 

-fkjo  “o  /n!m!  wo 


This  interesting  relationship  suggests  that  the  amplitude  for  any  transition, 
inelastic  or  superelastic,  can  be  written  as  a  linear  combination  of  inelastic 
amplitudes  alone.  Furthermore  the  Inelastic  amplitudes  satisfy  the  following 
recursion  relation, 

/  *  [uj  ' 

vfii+T  A(0  +  m+1)  -  (  —  +  —  (m-z) )A(0  -*■  m)  +  A(0  -*•  m-1 )  =  0  .  [2] 

J  COq  /  CO 


Thus  the  amplitude  for  any  transition  can  be  obtained,  using  Eqs.  [1]  and  [2], 
in  terms  of  A{0  -*■  0)  and  A(0  -*■  1)  only.  The  principal  investigator,  along  with 
a  graduate  research  assistant  Mr.  P.  Drallos,  is  obtaining  the  recursion  rela¬ 
tions,  similar  to  [1]  and  [2]  above,  for  the  case  of  unequal  frequencies  of  the 
two  oscillators  (w  i  or).  These  analytical  results  along  with  numerical 
values  of  vibrational  excitation  cross  sections  for  various  molecules  will  be 
presented  at  the  Thirty  Eighth  Gaseous  Electronics  Conference,  Monterey, 
California  in  October  1985. 


